SUMMARY A motion refinement algorithm is proposed to enhance motion compensated noise reduction (MCNR) efficiency. Instead of the vector with minimum distortion, the vector with minimum distance from motion vectors of neighboring blocks is selected as the best motion vector among vectors which have distortion values within the range set by noise level. This motion refinement finds more accurate motion vectors in the noisy sequences. The MCNR with the proposed algorithm maintains the details of an image sequence very well without blurring and joggling. And it achieves 10% bit-usage reduction or 0.5dB objective quality enhance ment in subsequent video coding.
Introduction
Noise reduction not only improves the visual quality but also increases the performance of subsequent processing tasks such as coding, analysis and interpolation. A through review of noise reduction algorithms for dynamic image sequences is presented in [1] . To take full advantage of the temporal correlations that exist in an image sequence, explicit motion estimation and compensation has been used as a temporal preprocessing step in noise reduction algorithms. The performance of these motion compensated noise reduction (MCNR) algorithms clearly depends on the accuracy of the motion estimator. However, due to the presence of noise, it is difficult to find accurate motion vectors. Conventional MCNR algorithms focused on the problem of finding optimal filters and did not consider the motion estimator. Though sub-pixel motion estimation has been used for MCNR in [2] to increase motion accuracy, and noise-robust motion estimation has been proposed in [3], they still gave no attention to actual noise. The penalty of mean absolute difference has been proposed for noise robustness in [4] . However, it also lacked noise level adaptability. If there is more noise, the ambiguity of motion is increased, and this becomes severe when the motion is small. Temporal filter ing under this condition causes the artifacts such as blurring and joggling. To remove these artifacts, we propose a noise robust motion refinement algorithm with noise level adaptability for MCNR. As shown in Table  1 , the proposed motion refinement 
